The heavy quark effective field theory (HQEFT) containing both effective 'quark fields' and 'antiquark fields' is investigated in detail. By integrating out the effective antiquark fields, we obtain an effective Lagrangian in terms of only the effective quark fields. Such an effective Lagrangian differs from the one in the usual heavy quark effective theory (HQET) because of the inclusion of the contributions from the antiquark fields. The heavy quark currents and their hadronic matrix elements can be easily expanded in inverse powers of the heavy quark mass to any order. As an interesting application, matrix elements of vector and axial vector heavy quark currents between pseudoscalar and vector mesons containing a heavy quark (b or c) are evaluated systematically up to the order of 1/m 2 Q and parameterized by a set of universal form factors. Within the framework of the new formulation of HQEFT , a consistent normalization condition between the effective heavy hadron states is used to manifestly exhibit the spin-flavor symmetry. The form factors at zero recoil are found to be related to the ground state meson masses, which enables us to estimate the values of form factors at zero recoil. In particular, the Luke's theorem comes out automatically in the new formulation of HQEFT without the need of imposing the equation of motion iv · DQ + v = 0. As a conseqence, the differential decay rates of both B → D * lν and B → Dlν do not receive 1/m Q order corrections at zero recoil, thus the Cabibbo-Kobayashi-Maskawa matrix element |V cb | can nicely be extracted from either of these two exclusive semileptonic decays at the order of 1/m 2 Q .
I. INTRODUCTION
It is well known that, because of the heavy quark spin-flavor symmetry [1] [2] [3] in the infinite quark mass limit revealed by QCD, the dynamics of hadrons consisting of one heavy quark and any number of light quarks simplifies greatly. Consequently, the effective theories for heavy quarks [4] - [21] have developed rapidly since the observation of spin-flavor symmetry, and achieved great success. The effective theories manifestly exhibit the spin-flavor symmetry of hadrons containing a single heavy quark at the leading order. This enables one to separate the long distance dynamics from the short one in a reliable way. In particular, the Luke's theorem [12] has shown that the order 1/m Q corrections to the transition matrix elements of heavy meson decays vanish at zero recoil. These features make weak transitions such as B → D * lν rather suitable for the determination of the Cabibbo-Kobayashi-Maskawa matrix element |V cb | [20] .
In the usual framework of heavy quark effective theory (HQET), one generally decouples the 'quark fields' and 'antiquark fields' and treats only one of them independently. Strictly speaking, in quantum field theory particle and antiparticle decouple completely only in the infinite heavy quark mass limit m Q → ∞. To consider the finite quark mass correction, it is necessary to include the contributions from the components of the antiquark fields. For that, one can simply extend the usual HQET to a heavy quark effective field theory with keeping both effective quark and antiquark fields (which may be called for simplicity as HQEFT so as to distinguish with the usual HQET). This was actually first pointed out by one of us [19] , where a new formulation of heavy quark effective Lagrangian was derived from full QCD. Its form permits an expansion in powers of the heavy quark momentum characterizing its off-shellness divided by its mass. In this paper we will provide a more detailed study on the new formulation of the HQEFT [19] and apply it to evaluate the weak transition matrix elements between the heavy hadrons containing a single heavy quark. Our paper is organized as follows: In section II, we begin with a brief description on the basic considerations and several main steps presented in ref. [19] . Based on the construction of a new formation of HQEFT in ref. [19] , we derive in section II an effective Lagrangian with integrating out antiparticles by using either the functional integral method or the equations of motion. The functional integral method has also been adopted in Ref. [16] , but the HQET in [16] only considered the components of heavy 'particle fields' without including 'antiparticle fields'. Though the new effective Lagrangian derived in section III is in terms of only effective quark fields, it includes additional contributions from antiquark components, so that it differs from the usual HQET Lagrangian. The 1/m Q expansion for an arbitrary heavy quark current is presented in section IV. The resulting form is also different from the one in the usual HQET due to antiquark contributions. In section V, transition matrix elements of heavy hadrons are generally investigated up to the order of 1/m 2 Q . In section VI, a set of universal form factors are introduced and the transition matrix elements of the vector and axial vector currents between pseudoscalar as well as vector ground state mesons are evaluated in detail up to the order of 1/m 2 Q . In particular, it is explicitly shown that the Luke's theorem automatically holds within the framework of the new formulation of HQEFT. Within this new framework, a consistent normalization condition between two heavy hadrons is introduced to reflect spin-flavor symmetry. It is then found that the form factors at zero recoil are related to the meson masses. In section VII, as the differential decay rates of both B → D * lν and B → Dlν have no 1/m Q order corrections at zero recoil in the new formulation of HQEFT, and the most important relevant form factors at zero recoil can be fitted from the ground state meson masses, the Cabibbo-Kobayashi-Maskawa matrix element |V cb | are extracted from these two exclusive semileptonic decays at the order of 1/m 2 Q . A brief summary is presented in section VIII. In this paper we restrict our discussions to the tree level.
II. HQEFT LAGRANGIAN WITH KEEPING BOTH PARTICLES AND ANTIPARTICLES
The starting point of the usual HQET is separating the quark field Q into 'large' and 'small' component fields Q v and χ v as follows,
with v µ the hadron's (or the heavy quark's) velocity. Using the equations of motion of QCD, the 'small component' χ v can be represented as
So the usual HQET Lagrangian is given by
(2.5)
And for an arbitrary Dirac matrix Γ, the currentQ ′ ΓQ turns into
We now briefly describe the new formulation of heavy quark effective field Lagrangian that contains both effective quark and antiquark fields [19] . Firstly, denote the heavy quark field as
with Q + and Q − the components of 'quark field' and 'antiquark field' respectively. More strictly speaking, they are corresponding to two solutions of the Dirac equation
with v µ an arbitrary four-vector satisfying v 2 = 1, the fields Q ± can be decomposed as
Here Q ± are 'large components' and R ± v the 'small components'. With the help of the equations of motion eq.(2.8), the original fields Q andQ are expressed by the new field variablesQ v andQ v :
where D / ⊥ is given by eq.(2.4) and
(2.12)
Thus the QCD Lagrangian becomes
where L light represents the part of Lagrangian containing no heavy quarks, and
From the definitions given in eqs.(2.4), (2.9) and (2.12) , it is evident that in the first two terms of eq.(2.14) the quark and antiquark decouple from each other whereas the last two terms contain quark-antiquark interactions, which is omitted in the usual HQET. So we can rewrite L Q,v as
When quark fields and antiquark fields decouple completely, it is reasonable to deal with only section L
Q,v independently. This is just the case considered in the framework of the usual HQET. In this paper, we will consider the complete effective lagrangian and investigate its possible new effects on the physical observables.
Note that L Q,v in eq.(2.15) accounts for only one flavor of heavy quarks moving with velocity v µ . If there are N f flavors of heavy quarks and they move in different velocities, the heavy quark Lagrangian should generalize to Q L Q,v Q . But in this paper we use L Q,v for simplicity. It should also be mentioned that the effective Lagrangian eq.(2.15) as shown in ref. [19] is automatically velocity reparametrization invariant and Lorentz invariant.
III. HQEFT LAGRANGIAN WITH INTEGRATING OUT 'ANTIPARTICLES'
The Lagrangian given by eqs.(2.15) and (2.16) contains both quark fields and antiquark fields manifestly. But in many processes it is reasonable and more convenient to deal with either quarks or antiquarks since the initial and final states contain no antiquarks or quarks. For this reason, the purpose of this section is to derive an effective Lagrangian which on one hand contains only heavy quark fields, and on the other hand, takes the contributions of antiquarks into account. Two methods can achieve this. One is to replace the antiquark fields by quark fields with the help of the equations of motion, and the other is to apply the functional integral method to 'integrate out' the antiquark fields.
Corresponding to eq.(2.15), the generating functional relevant to heavy quarks is as follows,W
are external sources of quark and antiquark fields, respectively. N is a normalization constant. The operatorsÂ andB have been defined in eq.(2.16).
Integrating
And then setting the sourcesη − v and η − v to be zero, we get
The factor N det(−iÂ) contains no quark field and can be seen as a new normalization factor. The effective Lagrangian in terms of quark fields can be read from eq.(3.3),
In fact, it is much simpler to derive eq.(3.4) through the equations of motion. The following equations of motion can be easily yielded from eqs.(2.15) and (2.16) ,
in eq.(3.5) into eq.(2.16), we then arrive at the same result given in eq.(3.4).
We can make a further transformation to eliminate the mass terms in eq.(3.4) through introducing new field variables Q v andQ v :
Since eq.(3.6) is nothing more than a field variable redefinition,m Q may be any parameter with mass dimension. Here we write for conveniencê
with Λ = 0 being the usual choice. It will be found to be very useful for taking Λ as a binding energyΛ which is independent of the heavy flavors and reflects the contributions of all light degrees of freedom in the hadron. Noticing the fact that v / commutes with D / but anticommutes with D / ⊥ , it is not difficult to construct a new form of Lagrangian in terms of
When mass of a heavy quark is much larger than the QCD scale Λ QCD , the effective Lagrangian can be expanded in inverse powers of the quark mass and be straightforwardly written as follows
where L 
which is just the Lagrangian used in the usual HQET (eq.(2.5)) when Λ = 0. Comparing eqs.(3.9) and (3.12), we see that, just as expected, the antiquark contributions to the effective Lagrangian arise from 1/m Q terms. As the resulting improved effective Lagrangian eq.(3.9) describe interactions concerning 'quark fields', it is convenient to be applied to physical processes in which the initial and final states contain only quarks. As quark and antiquark appear simultaneously in any full quantum field theory, a similar effective Lagrangian L
for antiquark fields can be simply obtained by replacing the effective quark field variables
One of the advantages of the effective theory is that the heavy quark mass dependence can be shown explicitly. In other words, the heavy quark Lagrangian and currents, and therefore the matrix elements of heavy quark currents can be written as a series in inverse powers of the heavy quark mass and truncated at certain order as needed. This feature allows us to study the long distance dynamics of heavy hadrons in a systematic way. In this section we will derive the effective heavy quark currents via the 1/m Q expansion approach.
The general form of a heavy quark current may be written as
with Γ an arbitrary Dirac matrix. Using eq.(2.7) this current can be decomposed into four parts,
where Q ± are related toQ ± v by eq.(2.11), whereasQ − v andQ v − can be expressed by the variationals of the generating functional eq.(3.1) over the corresponding external sources, 
The operatorsω, ← ω andÂ,B have been defined in eqs.(2.11) and (2.16). Here we have used the symbol <ĵ > to represent the effective operator ofĵ within the framework of the new formulation of HQEFT.
Alternatively, one can get the above results in eq.(4.4) by using the equations of motion in eq.(3.5) to eliminate the field variablesQ − v andQ v − . Once more, we see that the approaches of the functional integral and the equations of motion are indeed equivalent.
Since the masses and velocities of the two quarks in the currents are in general different,
Expanding the formulae in eq.(4.4) in powers of 1/m Q and summing them up, one then obtains the effective heavy quark currents
The above form of the effective heavy quark current is quite different from that in the usual HQET. Such a difference arises from the additional contributions of antiquark fields in the new formulation of HQEFT. As is expected, antiquarks give contributions to the current from the order of 1/m Q . Especially, the terms 1
appearing in the usual HQET current eq.(2.6) are absent. This is because they are exactly cancelled by the additional contributions arising from the intermediate antiquark fields. As a consequence, the operator forms in the Lagrangian L (++) ef f (eq.(3.9)) and those in the effective current (eq.(4.6)) become similar. Such an interesting feature resulting from the new formulation of HQEFT becomes remarkable in evaluating the hadronic matrix elements. Firstly, fewer form factors are needed in this framework than in the usual framework of HQET, as will be shown explicitly in section VI. Secondly, the Luke's theorem automatically holds without using the equation of motion iv · DQ + v = 0. Thirdly, the differential decay rate of the exclusive semileptonic B → Dlν decay also receives no contribution from the 1/m Q order at zero recoil.
V. WEAK TRANSITION MATRIX ELEMENTS
In the framework of effective theory, the hadronic matrix element in full QCD theory can be expanded into a series of matrix elements in terms of 1/m Q . We will study in this section the hadronic matrix element up to the order of 1/m 2 Q . Using the following conventional relativistic normalization
the conservation of the vector currentQγ µ Q leads to
where |H > denotes a hadron state in QCD and p µ = m H v µ is the momentum of the heavy hadron H.
In the effective theory, it is better to introduce an effective heavy hadron state |H v > which exhibits a manifest spin-flavor symmetry. Thus, the hadron state |H v > should be related to the state |H > by the following relation
HereΛ H andΛ H ′ are binding energies defined as
The flavor-dependent factor 1 √Λ H ′ΛH appears due to the different normalizations of the two hadron states |H > and |H v >. Here the normalization of |H v > is taken so as to exhibit a manifest spin-flavor symmetry, i.e.,
being a heavy flavor-independent binding energy that reflects the effects of the light degrees of freedom in the heavy hadron.
In the heavy quark expansion, 1/m Q corrections to the hadronic matrix elements can be classified into three parts [17, 18] : (I). corrections from purely effective current J ; and (III). mixed corrections from both J
The leading matrix element is simply given by
The three types of corrections are found to be
), (5.7)
), (5.8)
), (5.9) where the operators O i (Γ) and O ′ i (Γ) are defined as follows
The first type of corrections A (I) can be read from eq.(4.6). In obtaining the second and the third types of corrections A (II) and A (III) , we have contracted the heavy quark pair and used the heavy quark propagator i/(iD / + Λ).
The hadronic matrix element is then given by
). 
which leads to the following relation
The heavy hadron mass is then given by
which coincides with the fact that the mass of a hadron equals the sum of the heavy quark mass m Q , the binding energyΛ due to light degrees of freedom and terms suppressed by 1/m Q . Let us consider the case that both the initial and final states are pseudoscalar mesons (or both vector mesons as well). An interesting example is the B → D transition matrix element of vector current. From eqs.(5.3) and (5.11), we obtain
From spin-flavor symmetry, one can use the following relations for operator O i
With these relations and eq.(5.13), eq.(5.15) can be simplified to the following form at zero
)}, (5.17) which explicitly shows that when working with the normalizations in eqs.(5.2), (5.3) and (5.5), the transition matrix elements of heavy quark vector current between two pseudoscalar mesons receive no corrections of order 1/m Q at zero recoil. The same result holds for the transition matrix elements of heavy quark vector current between two vector mesons. For axial vector current matrix elements or vector current matrix elements between heavy meson states with different spins, it is not so manifest and one needs to analyze the concrete Lorentz structures of currents and meson states. This is the object of the next section.
VI. MESON FORM FACTORS AND LUKE'S THEOREM
The HQET has been applied fruitfully to study heavy meson decays. In particular, the Luke's theorem [12] has plaid an important role in the determination of the Cabibbo-Kobayashi-Maskawa matrix element |V cb | from exclusive B → D * lν decay. This is because the order 1/m Q corrections to the b → c transition matrix element of weak current are absent at zero recoil. As the Luke's theorem was deduced from the heavy quark effective Lagrangian and currents in the usual HQET, it is interesting to check whether the Luke's theorem remains valid within the framework of the new formulation of HQEFT. This is because the resulting new formulation of the heavy quark effective Lagrangian (i.e. eq.(3.9)) and currents (eq.(4.6)) are different from the usual ones due to new contributions from integrating out antiparticles. At the same time, the order 1/m 2 Q corrections, though expected to be small, are worthy to be considered since they can provide us information about the convergence of the 1/m Q expansion. In general, both leading contribution and 1/m Q corrections can be studied systematically and conveniently by defining universal form factors from corresponding matrix elements.
Generally, matrix elements of vector and axial vector currents between pseudoscalar and vector ground meson states are described by 18 meson form factors defined as follows
In order to relate explicitly the form factors h i (ω) to matrix elements of operators, eq.(5.11) can be rewritten as
A simple way to evaluate the hadronic matrix elements is to associate the spin wave functions adopted in refs. [17, 18, 20] . In the framework of new formulation of HQEFT with the normalization condition eq. (5.5), the spin wave functions have the following form
with meson states |M v > defined in the HQEFT. Here ǫ µ is the polarization vector of the vector meson. Lorentz invariance enables us to parameterized the relevant matrix elements by the following trace formulae
Note that all other matrix elements in eq.(6.2) can also be represented by the form factors introduced in eq.(6.4). For example, one can conjugate the second equality in eq.(6.4) to get
is the Isgur-Wise function that normalizes to unity at the point of zero recoil ω = 1, i.e., ξ(1) = 1 [12, 20, 21] . When taking the Λ as the heavy flavor-independent binding energyΛ, the momentum k = P Q −m Q v carried by the effective field Q + v within the heavy hadron is expected to be much smaller than the binding energyΛ. So we can perform following expansion
HereΛ characterizes the effects of the light degrees of freedom in the heavy hadron. This may be understood as follows: In general a heavy quark within a hadron cannot truly be onshell due to strong interactions among heavy quark and light quark as well as soft gluons.
The off-shellness of the heavy quark in the heavy hadron is characterized by a residual momentum k =Λv +k. The total momentum P Q of the heavy quark in a hadron may be written as:
Thus the residual momentum k =Λv +k of the heavy quark within a hadron is assumed to comprise the main contributions of the light degrees of freedom.
Wherek is the part which depends on heavy flavor and is suppressed by 1/m Q . With this picture the heavy quark may be regarded as an 'addressing heavy quark', and the heavy hadron containing a single heavy quark is more reliable to be considered as a dualized particle of an 'addressing heavy quark'. This differs from the picture in the usual HQET, where one mainly deals with the heavy quark and treats the light quark as a spectator. For this reason, the form factors defined in the ways of eq.(6.4) should have a very weak dependence on the light constituents of heavy hadrons. Thus it is useful in the new formulation of HQEFT to define the corresponding 'addressing heavy quark mass' aŝ
Using the identity v α P + σ αβ M = 0, the Lorentz tensors
, and η αβγδ (v, v ′ ) can be decomposed into the following general forms in terms of Lorentz scalar factors
One can complete the trace calculation and write the matrix elements of vector and axial vector currents between pseudoscalar and vector mesons in terms of Lorentz scalar factors κ i ,̺ i , χ i and η i . At the zero recoil point, we obtain (6.9) where ξ(1) has been written as ξ for simplicity, and similarly for other form factors. From the normalization condition eq.(5.2), the first two equalities of eq.(6.9) and the definition of eq. (6.1), one arrives at the following relations
),
), (6.11) where the normalization of ξ(ω) at zero recoil: ξ(ω = 1) = 1 has been used.
Putting the above results forΛ D(B) andΛ D * (B * ) back into eq.(6.9), we get directly:
Here we only give the form factors for the case at zero recoil point. The most general results at non-zero recoil are quite lengthy and we present them in the appendix. Unlike the framework of the usual HQET, we observe that h − (ω) = h 2 (ω) = 0 in the new formulation of HQEFT. Such an interesting feature results from the fact that in the new framework of HQEFT, the operators in the effective Lagrangian and effective current contain only terms with even powers of D / ⊥ 2 . Generally, as shown in the appendix, mesonic matrix elements up to second order power corrections can be described by a set of 29 form factors, which are universal functions of the kinematic variable ω = v · v ′ . Such a number is less than the one introduced in the usual HQET, where 34 form factors are needed [18] . This is also due to the new structures of the effective Lagrangian eq.(3.9) and the effective current eq.(4.6).
At zero recoil point, some of the form factors are kinematically suppressed, only 15 universal form factors are needed to describe the mesonic matrix elements up to order 1/m 2 Q . Where κ 1 and κ 2 characterize the contributions of the order 1/m Q operators at zero recoil. As shown in eq.(6.10), the first order corrections to the meson mass arise from these two form factors. They play the same roles as the parameters λ 1 and λ 2 defined in the framework of the usual HQET [18] [21]- [26] though the corresponding operator forms are different.
It is seen that the order 1/m Q corrections in the meson transition matrix elements of weak currents are absent at zero recoil, though the forms of the effective Lagrangian and currents in the new formulation of HQEFT are obviously different from the ones in the usual HQET. This means that Luke's theorem remains valid within the framework of the new formulation of HQEFT.
VII. EXTRACTION OF FORM FACTORS AND |V CB |
Since the discovery of spin-flavor symmetry in the heavy quark limit, great efforts have been made to extract the CKM matrix element |V cb | from the exclusive semileptonic decay modes B → D * lν and B → Dlν in the usual framework of HQET [18] [20] [23]- [25] [27]- [28] .
The differential decay rates of B → D * lν and B → Dlν decays can be simply formulated as follows [24] [27]
and
3)
where the coefficient η A characterizes short distance QCD corrections, whereas the functions h A (ω), h + (ω) and h − (ω) contain long distance dynamics. Based on experimental measurements of the differential decay rate, one can extract |V cb |F (ω) and |V cb |G(ω) and then extrapolate them to ω = 1 to obtain the following quantities |V cb |F (1) = |V cb |η A h A (1) = |V cb |η A (1 + δ * ), (7.5) and
In the framework of the usual HQET, it was shown that, from the theoretical point of view, the B → D * lν decay is more favorable for the extraction of |V cb | because its decay rate at zero recoil is strictly protected by Luke's theorem against first-order power corrections in 1/m Q . For decay channel B → Dlν, though the transition matrix element is protected by Luke's theorem, the decay rate do receive order 1/m Q corrections from the form factor h − (ω), as can be seen form eq.(7.6).
In the new framework of HQEFT, however, we have seen in last section that h − (ω) = 0. This means that the differential decay rate of either channel B → Dlν or B → D * lν receives no order 1/m Q corrections.
Since all quantities in eqs.(7.1) and (7. 2) are the same as in the usual HQET except for the form factors h A (ω), h + (ω) and h − (ω), we follow the same strategy and use |V cb |F (1) = 0.0352 ± 0.0026, (7.7) |V cb |G(1) = 0.0386 ± 0.0041, (7.8) which are average results of recent experimental data used in Ref. [34] . η A has been calculated by many authors [25] [29]- [32] . Here we use [25] η A = 0.965 ± 0.020. (7.9)
The form factors h A (1) and h + (1) in eqs.(7.5) and (7.6) are given in terms of 14 unknown scalar form factors: κ 1 , κ 2 , ̺ 1 , ̺ 2 , χ 1 , χ i and η i (i = 1, 2, 4, 5, 6). These form factors contain information of long-distance interaction in the heavy hadron. While little is known about the long-distance dynamics, evaluating these forms factors and extracting their values at zero recoil are great challenges. Until now their values can only be estimated by using either certain models or QCD sum rules. Within the framework of new formulation of HQEFT, the ground state meson masses which have been measured to a relatively high accuracy are correlated with the form factors via eq.(6.10). This allows us to figure out the most important form factors and to extract the important CKM matrix element |V cb |.
As commented in last section, the number of form factors contributing at zero recoil increases quickly as the power of 1/m Q expansion becomes higher. At the 1/m 2 Q order, there are already 15 form factors that contribute to hadronic matrix elements at zero recoil so that some simplifications must be made before extracting |V cb |.
Firstly, we note that operators O 3 (Γ), O ′ 3 (Γ) and O 4 (Γ) appear at order 1/m 2 Q and have similar forms. Their contributions to hadronic matrix elements should not be significant. At the zero recoil point v = v ′ , supposing that residual momenta of the heavy quarks are approximately equal, i.e, k ′2 ⊥ ≈ k 2 ⊥ ∼Λ, then the left and right actions of the derivative operators on the heavy effective fields almost leads to the same results, i.e.,
Under these considerations, we have O 3 (γ µ ) = O ′ 3 (γ µ ) = O 4 (γ µ ), which implies the following relations among the form factors, χ 1 = η 1 ; χ 2 = 2η 2 ; χ i = η i (i = 4, 5, 6). (7.11) As argued in Ref. [18] , the 1/m Q corrections can be well described by neglecting the form factors arising from the chromomagnetic moment operator. They corresponds to the fictitious limit of vanishing field strength, F αβ → 0. Now we will use a similar treatment, but only neglect the contributions arising from operators with two gluon field strength tensors and still keep the contributions of operators containing one gluon field strength tensor. This implies that the form factors χ j and η j (j = 4, 5, 6) can be dropped out.
From above considerations, there are only six form factors left. eq.(6.10) is simplified to beΛ
), (7.12) where F 1 and F 2 are defined as
Thus the h A 1 (1) and h + (1) in eq.(6.12) turn into
From eqs.(5.4) and (7.12), we have We will take the heavy quark masses m b and m c as well as the 'addressing quark mass' m b = m b +Λ ( or the heavy flavor-independent binding energyΛ ) as three basic parameters of the theory. Usually, one fixes the value of the mass difference m b − m c , to extract |V cb | as functions of mass m b (or m c ) from either exclusive or inclusive B decays [18] [23]- [28] . In our present considerations, we permit the value of m b − m c change between 3.32GeV and 3.41GeV. Based on eq.(7.12) and using ground state meson masses [33] as input, we can extract the four form factors κ 1 , κ 2 , With these data, one can straightforwardly read from Figs.1a-1l the following reasonable values for the form factors 
(7.20)
This can be explicitly seen from eqs.(7.5) and (7.6) and Fig.3 . |V cb | can be extracted from either of the two exclusive B decay channels. As shown in Fig.3a , the |V cb | extracted from B → D * lv channel becomes large as ̺ 2 increases, whereas the |V cb | extracted from B → Dlv channel decreases as ̺ 2 increases as shown in Fig.3b. Fig.3c shows |V cb | extracted from both of the channels as function of ̺ 2 . When taking ̺ 2 = 0.14, the values of |V cb | from the two channels differ obviously. While for ̺ 2 = 0.18, the two curves of |V cb | almost coincide with each other. Their little difference may also be seen from Fig.3d .
With the values of ̺ 1 and ̺ 2 given in eq.(7.20), we obtain a reliable |V cb |. The numerical results are listed in Table. 1-3.
We also show in Figs.4a-4b the parameter δ * as function of m b +Λ for m b −m c = 3.41GeV, 3.36GeV, 3.32GeV, respectively. The three lines in each figure correspond to m b = 4.6GeV, m b = 4.7GeV and m b = 4.8GeV. Clearly, on each curve there is a minimum around which the curve becomes relatively flat. This means that the correction δ * is not very sensitive to the value of m b +Λ around that minimal point. As a consequence, the resulting values for |V cb | also becomes more stable around that minimal point of m b +Λ. One can also see from Table. 1-3 or those figures in Fig.4 that the minimal value is near the point m b +Λ = 5.2GeV, which has been taken as a reliable value in getting the estimates in eq.(7.18).
It can be read from Fig.4 By using the values of δ * given in eqs.(7.21) and (7.22), we then obtain from eq.(7.5) the important CKM matrix element |V cb | within the framework of the new formulation of HQEFT. Here we would like to present the numerical result for |V cb | from the eq.(7.22)
|V cb | = 0.0380 ± 0.0028 exp ± 0.0025 th . Figs.4-6 for the case of B → D * lν decay, following an analogous analysis, we obtain δ = 0.02 ± 0.05 (optimistic estimate), (7.24) −0.03 < δ < 0.12 (conservative estimate), (7.25) and |V cb | = 0.0383 ± 0.0041 exp ± 0.0036 th . (7.26)
VIII. SUMMARY
We have derived an effective Lagrangian in terms of effective heavy quark (or antiquark) fields by integrating out heavy antiquark (or quark) fields based on the framework of new formulation of HQEFT [19] . The resulting heavy quark effective Lagrangian differs from the one in the usual HQET because of the additional contributions from the antiquark fields. An arbitrary heavy quark current is expanded into a power series of 1/m Q . Week matrix elements between heavy hadron states have been investigated in detail and explicitly evaluated up to the order of 1/m 2 Q . The resulting special structures of the heavy quark effective Lagrangian and currents within the framework of new formulation of HQEFT results in some interesting features: Firstly, it has been explicitly shown that Luke's theorem comes out automatically without the need of imposing the equation of motion iv · DQ + v = 0. Secondly, the consistent normalization condition between two heavy hadrons naturally reflects spin-flavor symmetry, and the form factors at zero recoil are found to be related to the meson masses, so that the most important relevant form factors at zero recoil have been fitted from the ground state meson masses. Thirdly, the differential decay rates of both B → D * lν and B → Dlν have no 1/m Q order corrections at zero recoil. This enables one to extract the CKM matrix element |V cb | from either of the two exclusive semileptonic decays at the order of 1/m 2 Q . Finally, a set of 29 universal form factors up to the order of 1/m 2 Q , which is less than the one in the usual HQET, has been introduced to describe transition matrix elements of weak currents between ground state pseudoscalar and vector mesons. Note that at zero recoil point, some of the form factors are kinematically suppressed and only 15 form factors contribute to the weak matrix elements. By reasonable considerations, the zero recoil heavy meson transition matrix elements can be approximately described by only 6 form factors. These form factors are hadronic parameters concerning long distance dynamics and are hardly evaluated, four of them have been estimated from ground state meson masses. Following the conventional strategy, we have extracted |V cb | from the exclusive semileptonic decay channel B → D * lν with the value |V cb | = 0.0380 ± 0.0028 exp ± 0.0025 th , and from the exclusive semileptonic decay channel B → Dlν with the value |V cb | = 0.0383 ± 0.0041 exp ± 0.0036 th .
In this paper, we have shown some interesting features in applying the new formulation of HQEFT to the exclusive semileptonic decays of heavy hadrons. More interesting features can be found in applying the new formulation of HQEFT to the inclusive decays of heavy hadrons [35] , such as: the new formulation of HQEFT allows us to simply clarify the well known ambiguity of using the quark mass or hadron mass in the inclusive heavy hadron decays, as a consequence, the CKM matrix element |V cb | can also be well determined from the inclusive semileptonic decay rate, and the result is nicely consistent with the above one; the resulting lifetime differences between bottom mesons and baryons also agree well with the experimental data. −(4χ 10 + 4χ 11 + 8χ 12 )(1 − ω)] + −(2χ 9 + 2χ 10 − 6χ 11 − 2χ 12 )(1 − ω)] + −2χ 12 )(1 − ω)] −
where
c 4 = 3χ 4 + 9χ 5 + 6χ 6 , (A22) c 5 = 3χ 4 + χ 5 − 2χ 6 , (A23) c 6 = η 1 + 6η 2 − 3η 4 − 9η 5 − 6η 6 , (A24) c 7 = η 1 − 2η 2 − 3η 4 − η 5 + 2η 6 .
(A25) 
